This study evaluated the radiographic technical quality of preclinical and clinical root canal fillings (RCF) performed by undergraduate students on single-rooted teeth. Two independent calibrated endodontic specialists evaluated 94 preclinical radiographs (group 1) and 96 clinical radiographs (group 2). The apical length of each RCF was categorized as acceptable (0-2.0 mm short of the radiographic apex), underfilled (2.0 mm or more short of the radiographic apex) and overfilled (extruded beyond the radiographic apex). Inadequate or adequate homogeneity were also evaluated based on the presence of voids and the uniform density of the RCF. Cohen's kappa and Chi-square tests (p < 0.05) were used for statistical analysis. The interexaminer agreement level was almost perfect (>0.80). Approximately 80% of RCF had acceptable length in both groups, with no significant differences among them (p > 0.05). The rate of adequate homogeneity was higher in Group 2 when compared with group 1 (p < 0.05). Overall, the quality of RCF was satisfactory with better homogeneous seal at the clinical level.
INTRODUCTION
Teaching in endodontics begins with preclinical activities in which fundamental technical concepts are established. With simulation clinics and training, preclinical laboratories improve the student's performance regarding cleaning, shaping and root canal fillings (RCF). 1, 2 The sedimentation of knowledge takes place through the clinical application of the acquired instructions and complements the teachinglearning process. 3 Another educational objective includes the evaluation of the endodontic therapy outcome. This approach favors a critical overview concerning the procedures performed by students and reinforces the concept that assessment of the therapeutic results should be an integral part of the treatment plan. 4, 5 In this regard, the RCF quality is essential to estimate the endodontic prognosis, once the major objective of RCF is to prevent reinfection and allow healing of the periapical tissues.
1,3
The radiographical evaluation based on homogeneity and apical length of RCF is the main method that is used to determine the technical standard of endodontic therapy. An adequate RCF is characterized by a homogeneous filling (e.g. adequate density and tapering) placed within 0.0 to 2 mm of the radiographical root apex. 6 These criteria have been used worldwide to evaluate the technical quality of RCF performed in undergraduate dental clinics. [7] [8] [9] [10] However, comparative data on RCF from preclinical and clinical activities are scarce. Thus, this radiographic study evaluated the quality of RCF performed by undergraduate students on single-rooted teeth in preclinical and clinical practices. The null hypothesis tested was that there are no significant differences of RCF quality between these two stages of endodontic teaching.
MATERIALS AND METHODS

Sample
A random sample of 200 final radiographs of endodontically treated teeth (extracted teeth) from a laboratory and of patients who had received endodontic treatment was examined. The RCF were performed in single-rooted teeth (incisors, canines or premolars) in the period from 2005 to 2006 by 3rd year undergraduate students at Dental School of State University of Montes Claros, Minas Gerais, Brazil.
Endodontic Procedures
In the laboratory, the teeth were fixed in a vise to facilitate the handling during the technical procedures. All teeth were treated using the same standard root canal preparation and filling techniques for both preclinical and clinical stages. Thus, coronal access was performed with a #1557 tapered carbide bur (SS White Dental products, Rio de Janeiro, Brazil) at high speed, followed by a compensatory wear with Endo-Z bur (Dentsply/Maillefer, Ballaigues, Vallorbe, Switzerland). Manual root instrumentation was performed with K-files and #2-4 Gates Glidden Drills (Dentsply/ Maillefer) using a crown-down technique. In all root canals, the apical patency was maintained with #10/15 K-files. The apical limit of enlargement/shaping was established at approximately 1 mm short of the patency length. The root JAYPEE canals were irrigated with a 2.5% sodium hypochlorite solution (Biodinâmica Produtos Químicos Ltda, Ibiporã, PR, Brazil) between each instrument, followed by smear layer removal with 14.3% EDTA solution (pH 7.4; OdahcamHerpo Produtos Dentários, Petrópolis, RJ, Brazil) for 3 minutes and a new irrigation with sodium hypochlorite.
After drying with paper points, the root canals were filled with nonstandardized gutta-percha cones (Odous, Belo Horizonte, MG, Brazil) and a zinc oxide eugenol-based sealer (Endofill, Dentsply, Petrópolis, RJ, Brazil) using the lateral condensation technique. First, the initial diameter (D o ) of the master gutta-percha cone was standardized with a calibrating ruler (Angelus, Londrina, PR, Brazil) and its point was regularized with a blade #15. The master cone was tested in the root canal until it precisely reached the working length. Afterwards the sealer was manipulated according to the manufacturer's instructions and inserted in the root canal using a master apical file. The master cone coated with sealer was inserted into the canal up to the working length, followed by active lateral condensation. Thus, the space created by finger spreaders (Dentsply/ Maillefer) was progressively filled with an accessory cone coated with sealer and inserted into the canal until resistance was felt. Having concluded the filling, the excess material was removed, and the crown openings were restored with either zinc oxide eugenol cement (IRM, Caulk/Dentsply, Rio de Janeiro, RJ, Brazil) or glass ionomer cement (Vidrion C, SS White), following by orthoradial radiographic evaluation.
The periapical radiographs were taken on Ekta-Speed film (Eastman Kodak, New York, NY, USA) using the bisecting angle technique in a dental X-ray unit with 70 Kvp and 10 Ma (Dabi Atlante, Ribeirão Preto, SP, Brazil). The visual method was used to process the radiographs, followed by rinsing in water for 10 minutes, drying and filing.
Groups and Evaluation Criteria
The sample was divided into group 1 (100 radiographs of preclinical treatments, numbered from 1 to 100) and group 2 (100 radiographs of clinical treatments, numbered from 101 to 200).
Using an X-ray viewer at 2× magnification, two independent calibrated endodontic specialists assessed the apical length and homogeneity of each RCF. The apical length was categorized as acceptable (0-2.0 mm short of the radiographic apex), underfilled (2.0 mm or more short of the radiographic apex) and overfilled (extruded beyond the radiographic apex). Inadequate or adequate homogeneity, based on the presence of voids and the uniform density of the filling respectively, were also evaluated. Such criteria were based on previous studies. 8, 10 The exclusion criteria were poorly processed and/or stored radiographs that did not allow appropriate visualization of the analyzed items.
Data Analysis
The data obtained were tabulated, transformed into percentages and submitted to the statistical Chi-squared test (p < 0.05). In addition, the Kappa test was used to verify the agreement level between the two examiners.
RESULTS
Six radiographs were excluded from group 1, and four from group 2 due to density and processing errors. The interexaminer Kappa index was of 0.86, representing an almost perfect level of agreement. Thus, a total of 190 periapical radiographs were analyzed. Table 1 shows that approximately 80% of the RCFs had acceptable length in both groups. Overfillings were present in 3.2% in group 1 and 8.3% in group 2. Regarding the homogeneity, 77.6 and 90.6% were adequate in groups 1 and 2 respectively (Table 2) . When comparing the two groups, a statistically significant difference could be observed in relation to the homogeneity and overfillings (p < 0.05), with the former group presenting a better performance in clinical practice and the latter in the laboratory.
DISCUSSION
Although buccolingual radiographs are essentially a twodimensional representation of a three-dimensional object, the radiographic analysis provides several criteria that enable the quality of the RCFs to be judged. 11, 12 In the present study, the RCF presented different behavior in preclinical and clinical activities for radiographic parameters evaluated. Thus, the null hypothesis was rejected. An inadequate RCF presents gross deficiencies and generally represents a graphic record of the insufficient root canal preparation. Complete disinfection of the root canals is not achieved in these situations. 13, 14 The present study
showed that approximately 77 and 90% of RCF presented adequate density in the laboratorial and clinical phases respectively. These findings demonstrate satisfactory technical performance of the undergraduates, corroborating previous results reported at other dental schools. 4, 5 Nevertheless, using criteria similar those adopted herein, several studies 6, 10 have shown a poor quality of endodontic fillings performed by undergraduate dental students.
IJEDS
In this study, the apical length of the root fillings was classified as acceptable in approximately 80% of the cases at both preclinical and clinical stages. This rate demonstrates that undergraduates have correctly assimilated this important requirement of the endodontic technique equivalent to performance of graduate dental students. 15 These results may be due to the fact that dental students take several radiographs during endodontic therapy to determine correct working lengths. In addition, it should be pointed out that the undergraduate students of the present study were closely supervised by endodontic specialists on the university teaching staff. The ratio of endodontic staff to students was 1: 6. Considering similar aspects, another study 16 conducted at a dental school in Ireland reported a satisfactory rate (70%) of root fillings clinically placed on single-rooted teeth.
In the present investigation, the rate of overfillings in clinical practice was significantly higher than in the laboratory stage. This is an undesirable occurrence in contemporary endodontics due to the possibility of negatively affecting the treatment outcome. 17 However, a clinical prospective study 13 demonstrated that a small extrusion of filling material did not have a negative impact on the endodontic therapy success. Thus, the cases evaluated in the present study can be assured of a positive prognosis, because of the small amount of overfillings, predominantly made up of cements. Considering the clinical results of this study, it can be assumed that the quality rating of the endodontic fillings was high, which is in agreement with previous investigations. 4, 5, 16 However, there are discrepancies as regards the results found by Eckerbom, 11 whose rates of inadequate fillings ranged from 54 to 62%. This discrepancy can possibly be explained by the fact that the above-mentioned studies evaluated the treatment performed by students under supervised conditions, whereas the others represent general practice. Furthermore, those investigations 11 evaluated all dental groups, in contrast with the present study, which analyzed RCFs on single-rooted teeth. 
